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APPLIED ARITHMETIC. 

By Louis L. Pakk. 

A prominent professor of engineering in one of our eastern 

universities when asked 
" 
what becomes of the men who grad 

uate with high honors?" replied "We seldom hear from them 

after graduation. They are too theoretical ; no one wants them." 

While we may feel disposed to question the accuracy of this 

statement or the extent to which it was intended to apply to all 

branches of university work there has been given by other col 

lege men sufficient testimony of the same character to lead us 

to believe that many of those who stand highest in mathematical 

subjects during their school courses are least fitted to make use 

of the knowledge acquired when confronted by the problems of 

practical work. 
We must admit that this word 

" 
practical 

" 
has been somewhat 

overworked in late years in connection with proposed reforms in 
educational methods, but it remains true that the ability to make 
use of the knowledge gained at school is the final test of the 
value of one's education. Not the ability to juggle figures and 

get an answer, but the power to command the service of mathe 
matical principles must be the measure of our success in teach 

ing arithmetic, and the question before us at this time, from our 

viewpoint, is 
" What method in arithmetic will bring the subject 

most fully within the grasp of the student as a means of ena 

bling him to solve problems in everyday affairs?" 
As the skilled workman has before him a rack of tools or 

various shapes and uses, from which he selects, as his work 

progresses, that instrument which enables him most readily to 

perform the operation needed, so to the student trained in the 
use of mathematics, do the different branches of the subject 
stand at his disposal ready for use when required. It is not 

enough that he know their names and be able to handle them 

quickly; if his work is to amount to anything he must know 
which tool will do the work most readily, and he must be able to 
use it to advantage. The greater his skill, the less is he con 
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scious of the tool in his hand, and the closer is his thought fixed 

upon the work before him. 

Naturally much of this skill must be attained after leaving 
school and the question which confronts the school is, "how 

much should we be expected to train the student in the use of 
the mathematical tools for practical purposes?" Unfortu 

nately with most young people leaving our schools, sever?l years 
elapse before the arithmetic handled in school is brought into 
action in business problems. 

Unlike its two sister R's, arithmetic does not usually enter 
as fully into the daily life of the student, either during the 
school period or immediately after. 

Reading is one of the accomplishments whose utility is never 

questioned by the youthful student. He needs no studies in 
" 

applied 
" 

reading for he finds ample use for his accomplish 
ments as fast as acquired. 

So also is his attitude likely to be toward the art of writing, 
for he is confronted by so many incentives to write that its 

practical value is proven almost daily. 
Beyond the very elementary steps in arithmetic we believe 

that this subject does not appeal to students as being of the 
same daily necessity, as are the other subjects, and it therefore 
is not absorbed as fully as it might be. 
Unless a man live in the wilderness he cannot forget to read 

so long as his eyesight holds out, and while he may become a 

poor writer and a bad speller, he can usually make himself un 

derstood, but if he be very long out of school and have no de 
mand placed upon him for work in arithmetic he soon becomes 

rusty and loses most of his ability to handle problems requiring 
much figuring. 

So largely does the knowledge of arithmetic depend upon 
memory that with most people, when it is lost it is gone for 
ever unless again acquired through study ; still further, the loss 
of the principles or of some details of arithmetic through 
lack of use is made worse by the inability of the individual to 

bring back these details through reasoning. Nearly fifty per 
cent, of the boys applying to us for positions as apprentices 
cannot recall the number of cubic inches to the cubic foot and 
some of those who do not know make a wild guess at it hoping 
that luck is with them. The sad part of it is that they do not 
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know how to get this information without referring to a text 
book. Whether this lack be due to wrong methods in teaching 
or to the lack of interest on the part of the student while at 
school we may not know, but it would seem that it were possible 
to enable students to think their way into arithmetic after leav 

ing school if some effort had been made to lead them along by 
this method while in school. 

Probably all text books in arithmetic for primary grades 
abound with concrete problems which are both interesting and 

helpful to the student and usually the concrete is made to in 
troduce new steps and precedes the abstract. In most text 
books for grammar grades, however, the various steps are first 
dealt with in the abstract and then followed by concrete prob 
lems. Such problems are in most cases sufficiently ample to illus 
trate the scope of the operation involved and its application to 

practical work, provided the student understands the value of the 

application, for in many cases the problem is put in such form 
that the student simply recognizes in it the process of the ab 
stract dressed in other garb and he falls back upon the abstract 
for assistance. If, then, the abstract be lost, there is nothing 
left to help with the concrete. 

Personally, I believe that the principle followed in the ele 
mentary text books by which the studies pass from the concrete 
to the abstract is worthy of being followed throughout the en 
tire course. Some striking illustration of a new principle will 
often help to fix it in the student's mind and serve as a starting 
point for calling back the lost principle. Mr. Howard Renshaw, 
of the continuation school in Cincinnati, tells of introducing work in decimals by getting the boys to work up a simple shop 
payroll. We doubt if these boys will soon forget that payroll, 
and it is likely to prove of help to them in keeping in their mem 
ories the principle involved. 

To most students concrete problems are far more interesting than studies in the abstract and interest in the abstract can 
be more readily obtained if it is found to be necessary in solving some practical problem. A teacher in one of our evening classes for shop boys wishing to give them instruction in frac 
tions (in which study they were all deficient) held up a casting and asked them to estimate the weight. The guesses ranged 
from 15 to 30 lbs. The class then undertook to calculate the 



APPLIED ARITHMETIC. 21 

weight and as the dimensions of the casting were found to come 
in fractions of inches the result was a lesson in fractions. Sev 
eral evenings were spent in work of this sort and the interest 
was such as could not possibly have been obtained had the in 
structor said 

" 
boys, we will now spend the evening in studying 

fractions," and then giving them the usual exercise in addition 
and multiplication of such quantities. 

It has been our experience that apprentices make much better 

progress in arithmetic when studies are made to lead from the 
concrete to the abstract, from the illustration to the principle, 
than was found by the old method, which was tried at the start. 

In the selecting of practical problems it is, of course, desirable 

that, at the start at least, they be as closely related as possible 
to the student's interests. The more realistic the problems the 

more his interest in them. Problems originated by the student 
himself should be encouraged, as they help to strengthen his 

ability to apply the principles taught. Still further, the giv 
ing of problems in which all details ar? not stated and in which 
he must get part of the data from other sources are of the 

greatest value to him. 
Book problems usually give all of the required information 

necessary to obtain the answer but if the student be asked to go 
to another room to get measurements first hand, or be asked 
to measure up articles at home, it is likely that he will find 

upon his return that he has missed something or that the fig 
ures he did get will not tally. Few boys from our schools can 

be sent into the shop to make a sketch of some simple piece 
and return with all the data needed, and the apparent cause of 
it is that he has had so little occasion to do work of that sort 
that he has not learned the importance of being sure that his 

work is complete and correct before handing in his results. It 

may truthfully be said that such work is not properly part of 
the study of arithmetic, but it has its bearing upon the relating 
of arithmetic to real life. 

This suggests that which, perhaps, is the greatest fault of the 

graduates of our schools, namely, the inability of so large a pro 
portion of students to solve problems which call for original 
thought, problems confronted in actual business life, problems 
not bounded by definite mathematical limits and not classified 
under any special group of principles. 
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Many of the so-called practical problems used in text books 
are mere repetitions of each other with different names used 
for the setting of the problem. The student has no interest in 
the articles referred to, be they bricks, or rails, or beans, or 

hours, but he recognizes in them the familiar form of the ab 
stract process and works the problems on that basis. The style 
of many such problems may rightly be termed 

" a subterfuge," 
a "delusion," when considered as cpncrete problems, for they 
are merely a play on words and give no idea of the solution of 

problems in real life. 
The writer not long ago visited an 8A grammar grade class 

in arithmetic, and found it engaged in a study of ratio and pro 

portion. The students were sent to the blackboards and given 
problems calling for the use of the subject being studied and 
several passed successfully through the computation of how long 
it would take 8 men working 8 hours a day to mow a field of 

oats, if 6 men working io hours per day did it in four days, and 
so on. All went smoothly until one small boy struck a prob 
lem in leverage and he succeeded in getting a weight of 150 lbs. 
on a 78" arm to balance a weight of i$yS lbs. on an 8" arm. 

Both the teacher and the class passed the solution as correct, 
but the visitor was curious to know how such an impossible feat 
was accomplished and plied the boy with questions about the 

lever. It transpired that the class knew nothing of the prin 
ciple of leverage although it was stated in the text book, nor 

had they any idea of what the lever was used for. The teacher 
made things still worse by explaining that these problems were 

given, not as a study in leverage, but simply as practice in ratio 
and proportion. 

The visitor was then asked to give the class a problem in 

proportion and he, being accustomed to shop ways, sketched on 

the board a plain tapered bolt, gave the diameter at the small 

end, the taper per foot and the total length, asking them to figure 
the diameter at the large end. In a few minutes one boy had 
an answer, and by request showed it to the visitor who was 
startled to read the figures 

" 
510." One girl hit the proper trail 

and obtained the correct answer, but so far as the visitor could 
determine after ten minutes work the rest of the class were 

far adrift and never got within sight of land. Had the visitor 
stated the problem thus "If a bolt tapers 1/16" in 12", how 
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much will it taper in 27" ?" the whole class would have had an 
answer in two minutes, but, robbed of its familiar form the 

problem was hopeless. Most of the members of that class had 

passed regents, and were ready to enter high school, or, many 
of them, to go to work. May we not be justified in question 

ing the ability of these students to make practical use of arith 

metic. 

The thing which destines most men to success or failure in 

business is their ability to surmount difficulties, to solve practi 
cal business problems. Undoubtedly it is this which caused the 
remark quoted in the opening paragraph of this paper and it 

is this which leads to the drawing of a line of demarkation be 
tween the men of theories and the practical men. 

We have no intention of claiming that the cause or cure of 

this trouble lies within the field of mathematical study, but in 

the common school curriculum there is no subject which offers 

better opportunity to the handling of practical problems than 

does arithmetic, and it is for the purpose of encouraging the 

full use of the opportunities of the subject in this direction that 

the question is here raised. 
It is only as the problem work leads to the use of arithmetic 

as a tool for accomplishing results and the student recognizes 
that arithmetic exists because problems demand it and not that 

problems are needed because arithmetic requires them, that he 
is headed in the right direction. The ability to properly analyze 
a problem, determine the steps by which we may work from the 
data in hand to the information required in the answer is by far 
the most important part of. a study in arithmetic and it is upon 
this phase of the subject that we believe the emphasis now 

needs to be placed and for this purpose should the so-called 
" 
practical problems 

" 
be made more largely to serve. 

May we say then, in answer to the question which we are 

discussing this morning that the minimum of practical applica 
tion in a course of arithmetic should be sufficient to provide, 
first, the securing of attention and interest; second, some idea 
for the reason for each process studied; third, opportunity for 
the analyzing and reasoning out of problems, and, fourth, a grasp 
of arithmetic sufficient to make it a tool for obtaining results. 

There can, of course, be no general limits to the term 
" 

suffi 
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cient 
" 

and it must vary with the individual needs and the time 

available. We are aware that this question of time is a serious 

one and one which prevents teachers from doing what they 

would like to do along the lines suggested. Our manual train 

ing schools have done much toward making more practical the 

use of arithmetic and have increased somewhat the time de 

voted to the subject. As an indication of the more practical 
character of the work done by some of our manual training 

schools it might be said that the writer gave to a seventh grade 
class in one of these schools the problem of the tapered bolt 

referred to previously and 10 out of the 17 members obtained 

the correct answer in a few minutes, without any help from the 

teacher. We believe however, that with the proper presentation 
of the subject the time available in the ordinary grades can be 

used to better advantage than is being done by some classes at 

the present time. With proper appreciation of the subject in 

general, the student will take greater interest in the drill which 

is necessary to obtain quickness and accuracy. One can hardly 
overestimate the value of training on these points, particularly 
the latter, for the habit of carelessness is one of the greatest 

handicaps with which a young man or young woman starts a 

business career. Promotion comes to those who are dependable 
and whose work can be relied upon as being correct, and with 

out the habit of accuracy being formed early in life a long 
and painful struggle is usually required to accomplish the needed 

change. 
The mental discipline represented by these desirable traits 

will, of course, be accomplished through work in the abstract as 

well as with concrete examples, the former for speed of opera 
tion and the latter for quickness in choosing the method to be 

employed ; correctness of result being equally important in both. 
In deciding upon the amount of practice desirable in handling 

concrete problems in arithmetic, we do well to shape our course 
to meet the needs of the average student, providing extra work 
for those who naturally run ahead, remembering that the great 

majority of those who pass through the grammar grades will 

go directly into business, leaving only a small percentage to 

finish high school. Many of the former will never be called 

upon to use more than the most elementary of the principles of 
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arithmetic but to a fair proportion will come the opportunity 
to rise to places of greater usefulness through the ability to 
think beyond the limits of mere necessity and the mental disci 

pline of a well-planned and a well-taught course in arithmetic 
will be one of the means by which they rise. 

American Locomotive Co., 

schenectady, . Y. 

A PSALM OF THE GOOD TEACHER. 

The Lord is my teacher : 
I shall not lose the way to wisdom. 

He leadeth me in the lowly path of learning, 
He prepareth a lesson for me every day: 

He findeth the clear fountains of instruction, 
Little by little he showeth me the beauty of the truth. 

The world is a great book that he hath written, 
He turneth the leaves for me slowly : 

They are all inscribed with images and letters, 
His face poureth light on the pictures and the words. 

Then am I glad when I perceive his meaning, 
He taketh me by the hand to the hill-top of vision : 

In the valley also he walketh beside me, 
And in the dark places he whispereth to my heart. 

Yea, though my lesson he heard it is not hopeless, 
For the Lord is very patient with his slow scholar; 

He will wait awhile for my weakness, 
He will help me to read the truth through tears. 

Surely thou wilt enlighten me daily by joy and by sorrow: 
And lead me at last, O Lord, to the perfect knowledge of thee. 

?Henry Van Dyke. 
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